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1.0 INTRODUCTION/PURPOSE 

 

Paragraph 51 of the Administrative Order on Consent (AOC) with the United States 

Environmental Protection Agency (U.S. EPA) in the matter of The Hartford Area 

Hydrocarbon Plume Site (Docket No. R7003-5-04-001) (U.S. EPA, undated) requires the 

preparation of this Dissolved Phase Groundwater Investigation Work Plan (Plan) by the 

Hartford Working Group (HWG).  Clayton Group Services, Inc. was retained by the 

HWG to prepare the Plan.  The HWG is comprised of the Atlantic Richfield Company 

(Atlantic Richfield), The Premcor Refining Group Inc. (Premcor) and Shell Oil Products 

US (Shell).   

 

As stated in our December 9, 2004 letter to the U.S. EPA, this Plan is based on a better 

understanding of the position of the U.S. EPA and Illinois Environmental Protection 

Agency (Agencies) that was gained by the HWG during the November 3, 2004 meeting 

between the HWG and the Agencies (Clayton 2004a).  The work plan, and our December 

2004 letter, also addresses comments provided in the October 8, 2004 U.S. EPA letter 

regarding our June 28, 2004 Dissolved Phase Groundwater Investigation Work Plan 

(June 2004 Work Plan) (Clayton 2004b) submittal on this matter.  In light of the meeting 

with the Agencies and investigative findings subsequent to the submittal of our June 2004 

Work Plan, the HWG, respectfully, withdraws the proposed workscope (Section 4.0) 

presented in the June 2004 Work Plan.   

 

The Plan addresses the dissolved phase hydrocarbon plume associated with the identified 

light non-aqueous phase liquid (LNAPL) plume located in the northern portion of 

Hartford, Illinois (Clayton 2004c).  As acknowledged by all parties at the November 

2004 meeting, one of the primary objectives of the investigation is the delineation of the 

dissolved phase hydrocarbon plume adjacent to areas where either residual or separate 

phase LNAPL hydrocarbons are no longer identified.  An additional focus of the 

investigation is areas where vapor intrusion from dissolved phase hydrocarbon 
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constituents could potentially impact residential homes.  This plan includes the 

delineation of the dissolved phase hydrocarbon plume in the direction of the Hartford 

municipal water supply wells.  Finally, the plan also is intended to enhance the 

understanding of groundwater flow near the active Hartford municipal wells.  

Investigative activities will be primarily conducted within existing streets and alleyways, 

within the limitations posed by public access right-of-ways and associated utilities.  

Access to non-public areas may be limited by the ability to obtain agreements with 

current landowners.  

 

Data collected by Clayton during 2004 regarding the nature and extent of the dissolved 

phase hydrocarbon plume is presented in this Plan.  ENSR Corporation (ENSR), working 

in cooperation with Clayton on behalf of the HWG, has also provided information 

obtained as part of their concurrent investigations in Hartford.  This information, which 

includes geologic, soil gas and groundwater data, has been reviewed as part of the 

preparation of this Plan.  The Plan presents the information and data available at the time 

of preparation of the document. 

 

The purpose of the Plan is to: 

 

• Present a summary of the information regarding the physical setting; specifically, the 
geology and hydrogeology underlying Hartford. 

 
• Present a summary of the recent information regarding the soil vapor petroleum 

hydrocarbon impacts beyond the area of the identified LNAPL plume in Hartford.   
 
• Present information regarding the dissolved phase hydrocarbon impacts in Hartford.  

This includes analytical results from new monitoring wells installed as part of 
LNAPL plume delineation efforts. 

 
• Determine groundwater flow in the identified hydrostratigraphic units (North Olive, 

Rand and EPA Strata and Main Sand), including the area of the Hartford municipal 
wells, to assist in delineating the extent of the dissolved phase hydrocarbon impacted 
groundwater in Hartford.    

 

Work Plan – Dissolved Phase Groundwater Investigation 
The Hartford Working Group / Hartford, Illinois 
15-03095.10rn001 / 1/4/2007 / KDC/JMF 

 
1-2 

 

 



 
 

• Conduct additional investigation, as appropriate, to further assess groundwater 
quality, both horizontally and vertically, starting in areas of apparent data gaps with 
subsequent incremental step-outs from the currently identified dissolved phase 
hydrocarbon plume, including in the direction of the Hartford municipal supply wells. 

 
• Conduct additional sampling and groundwater analyses of monitoring locations 

(without LNAPL) on a quarterly basis. 
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2.0 SITE DESCRIPTION  

 

2.1 LOCATION  

 

Hartford, Illinois is located in Madison County on the east bank of the Mississippi River 

upstream from St. Louis, Missouri.  Hartford lies approximately 3,000 feet east of the 

Mississippi River.  The Shell Tannery Property and the Premcor facility are located 

directly east of Hartford.  ConocoPhillips currently conducts operations on a portion of 

the Premcor facility.  The BP Amoco (fka Amoco) facility lies north-northeast of 

Hartford across Rand Avenue.  The ConocoPhillips facility (former Shell facility) is 

located east of the Premcor facility.  The general location of Hartford, Illinois along with 

the site and adjoining property boundaries are presented in Figure 2-1.  Figure 2-1 also 

reflects a correction to the BP Amoco and ConocoPhillips property boundaries adjacent 

to the Mississippi River. 

 

The Hartford site boundaries have been defined in the AOC as being bounded by Rand 

Avenue to the north, the nearest railroad tracks to the east side of Olive Street to the east, 

Donna Drive and the south boundary of Hartford Park to the south, and Illinois State 

Highway 3 to the west.  The Hartford site boundaries may differ from the Hartford 

corporate boundaries.  Figure 2-2 shows the ground surface topography of the northern 

portion of Hartford. 

 

2.2 SITE HISTORY 

 

A historical summary of environmental concerns in Hartford was most recently presented 

by Clayton (2004d).  In general, the concerns have been located within an area bounded 

by Hawthorne Street to the south, North Olive Street to the east, Illinois State Highway 3 

to the west, and Rand Avenue to the north (Figure 2-2).  Numerous underground 

petroleum pipelines are present in the area with those in the northern portion of Hartford 
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located in three corridors, the Elm Street corridor, the North Olive Street corridor and the 

Rand Avenue corridor. 

 

Odor issues, dating back to May 1966, have been documented in buildings located in the 

northern portion of Hartford.  In 1978, investigations were conducted because of a series 

of residential house fires and building odor complaints.  The investigations identified the 

presence of a LNAPL plume beneath the northern portion of Hartford. 

   

In 1978 and 1979, Clark Oil Corporation (Old Clark), the former owner and operator of 

the Premcor facility, installed two wells in Hartford to recover separate phase 

hydrocarbon.  In 1992, Premcor (then known as Clark Refining & Marketing, a different 

company than Old Clark) installed a Vapor Control System (VCS) in the northern portion 

of Hartford to further address the identified problems.  The VCS was designed as a soil 

vacuum extraction (SVE) system, an established remediation technology, to extract 

petroleum vapors from the unsaturated zone, where residual hydrocarbons are present and 

from the top of the separate phase LNAPL hydrocarbon floating on the groundwater.  

Premcor also installed a third product recovery well in Hartford in the early-1990s. 

 

Five monitoring wells (HMW-25 through HMW-29) were installed in December 2003 to 

assess groundwater quality between the Hartford Well Head Protection Area (WHPA) 

and the known areas of impacted groundwater related to the LNAPL plume beneath 

Hartford (Clayton 2004d).  The WHPA is the surface area near the two active Hartford 

municipal water supply wells that may provide recharge to the aquifer over a five-year 

period (McGuire et al., 2001).  These monitoring wells, known as sentinel wells, are 

located outside the known extent of LNAPL and dissolved phase petroleum hydrocarbons 

in Hartford.     

 

One new soil vapor extraction well (HSVE-1) was also installed in January 2004 as part 

of a pilot test (Clayton 2004e).  The HWG is in the process of upgrading the VCS with 
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the installation of new SVE wells (HSVE-series) in the summer of 2004.  These HSVE 

wells were connected to the existing VCS piping in October and November 2004, and 

will become operational when the new blowers and thermal treatment units become 

operational in early 2005.  The locations of the mobile LNAPL hydrocarbon recovery 

wells and the wells (VCB- and new HSVE-series) associated with the VCS and the pilot 

test are shown in Figure 2-3. 

 

2.3 CURRENT PHYSICAL SETTING INTERPRETATION  

 

The geologic and hydrogeologic setting of this area has been presented in detail by 

Clayton (2004c and d).  The geographical region around Hartford and other nearby towns 

is collectively known as the American Bottoms, a shallow valley 30 miles long and 

11 miles across at its widest point. 

 

The present landscape and the upper 130 feet of the Hartford area were created by 

alluvial and glacial processes during the last 125,000 years.  The Mississippi River, the 

dominant creator of this landscape, frequently changed its course during the Pleistocene 

period.  During this period, the valley was filled with sandy glacial outwash known as the 

Mackinaw Member of the Henry Formation.  The Mackinaw sands range from 60 to 

150 feet in thickness and comprise what is known as the Main Sand which is the deepest 

and thickest unconsolidated aquifer (Main Sand Aquifer) underlying the area of Hartford.  

The Main Sand Aquifer is the primary source for large-quantity water production in the 

area.   

 

Natural groundwater movement beneath the American Bottoms is westerly, draining 

from the limestone bluffs (east wall of the valley) located east of Hartford, to the 

Mississippi River.  However, for the past 70 years, the natural movement of groundwater 

has been altered in the Hartford vicinity due to large-scale industrial water pumpage.  

Known cones of depression flank the village to the north (BP Amoco) and northeast 
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(ConocoPhillips).  In addition, pumping is conducted at the Premcor facility to the east.  

In general, the net effect of this drawdown has resulted in local groundwater movement 

in the Main Sand Aquifer to the north. 

 

The uppermost geologic unit overlying the areally extensive Main Sand is the Cahokia 

Alluvium of Holocene Age, which consists of sands, silts, and clays of floodplain, 

channel, and modern river origin.  In recent times, the migration of the Mississippi River 

across the bottomlands has reworked the upper part of the valley fill, while spreading 

floodwaters deposited silt and clay along the sides of the channel and in backwater areas.  

The channel migration, cut-and-fill, and flooding have produced complex heterogeneous 

deposits.   

 

The extents of the various strata and the stratigraphy of the area under investigation, 

described below, are illustrated by maps and geologic cross-sections.  The named strata 

extent maps (with the exception of the areally extensive Main Sand) are presented as 

Figures 2-4 through 2-6, while the cross-sections are designated as illustrated in 

Figure 2-7.  The cross-sections are presented in Figures 2-8 through 2-11.  The cross-

sections have been updated with analytical data to assist in the development of the 

conceptual site model (CSM).   

 

The alluvial silts and clays overlying the Main Sand generally thicken in an easterly 

direction from Old St. Louis Road towards North Olive Street.  A similar thickening 

occurs in a northerly direction from Hawthorne Street to Rand Avenue.  Three, more 

permeable units are observed in the alluvial deposits.  In descending order, from ground 

surface, are the North Olive, Rand and EPA Strata which all overlie the Main Sand.  The 

Main Sand extends to bedrock at an estimated depth of approximately 150 feet below 

ground surface (bgs) in the Hartford area.  The North Olive and Rand Strata are primarily 

identified as silt with the EPA Stratum consisting of sand and silt.  The four strata have 

generally combined into one hydrostratigraphic unit, the Main Sand, south of Watkins 
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Street.  As discussed below, the exact extent and continuity of relatively thin units (such 

as the EPA, Rand, and North Olive Strata) remain somewhat uncertain because of 

geologic heterogeneities related to the depositional environment of the area.   

 

The upper portion of the Main Sand consists primarily of fine-grained sand with varying 

amounts of silt and trace amounts of clay.  The Main Sand also contains discontinuous 

silty clay and clayey silt lenses, ranging up to approximately 10- to 15-feet thick, 

generally south of Forest Street.  The Main Sand hydrostratigraphic unit is present and as 

shallow as approximately 9 feet bgs in the south end of northern Hartford, near Watkins 

and Forest Streets.  The surface of the Main Sand unit trends down in a northerly 

direction, towards Rand Avenue, where it is as deep as approximately 45 feet bgs in the 

northeast section of Hartford.  Average depth to the Main Sand is 25 feet bgs.  The top of 

the Main Sand can be encountered from 422 to 385 feet mean sea level (MSL).  Analysis 

of soil samples collected from the unsaturated portion of the Main Sand for the petroleum 

indicators of benzene, ethylbenzene, toluene, and xylenes (BETX) revealed that levels 

ranged from 100 to 105 micrograms per kilogram (µg/kg).  The groundwater in the Main 

Sand appears to become confined in the northern end of Hartford. 

 

The EPA Stratum, which is only found in the northeast section of Hartford, is separated 

from the Main Sand by a relatively thin silty clay layer in the investigation area.  The 

EPA Stratum merges into the Main Sand to the south of a southeasterly trending line 

drawn from the Old St. Louis Road and North Delmar Avenue intersection (north of 

Rand Avenue) to just north of the East Date Street and North Olive Street intersection 

(Figure 2-4).  South of this boundary, the EPA Stratum and Main Sand form one 

hydrostratigraphic unit.  The EPA Stratum extends east of North Olive Street onto the 

Shell Tannery property and the Premcor facility.   

 

Observations and analysis of the EPA, which appears to be similar to the upper portion of 

the Main Sand, indicate the stratum is composed primarily of sand with lesser amounts of 
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silt and trace clay.  The surface of the EPA Stratum underlying Hartford ranges from 

approximately 30 to 41 feet bgs.  The EPA Stratum ranges from approximately 5 to 8 feet 

thick within and north of Hartford.  The EPA Stratum is saturated and the groundwater 

appears to become confined to the northeast of Hartford.  No chemical analysis of soil 

samples from the EPA Stratum was conducted as the stratum was saturated. 

 

The Rand Stratum appears to extend across the majority of the northern portion of 

Hartford from approximately Rand Avenue south to Date Street (Figure 2-5).  The Rand 

Stratum extends east of North Olive Street onto the Shell Tannery property between Rand 

Avenue and East Date Street.  However, it is not observed on the Premcor facility, as it 

appears to pinch-out south of East Date Street.  The western extents have not been well 

defined beyond Old St. Louis Road.  To the south of Date Street, in Hartford, the Rand 

Stratum merges into the Main Sand or pinches out to the south of a southeasterly trending 

line drawn from the Old St. Louis Road and West Date Street intersection to just north of 

the East Watkins and North Olive Street intersection.  South of this boundary, the Rand 

Stratum and Main Sand form one hydrostratigraphic unit.  The Rand Stratum appears to 

be composed of less permeable deposits than the underlying Main Sand and EPA 

Stratum.  Observations and analysis indicate the Rand is composed primarily of silt with 

lesser amounts of clay and trace amounts of sand.  The Rand Stratum is present at depths 

ranging from 19 to 30 feet bgs in the area of investigation.  The Rand Stratum ranges in 

thickness up to approximately 11.5 feet, with an average thickness of 6 feet.  The BETX 

concentrations of soil samples from the Rand Stratum ranged from 101 to 106 µg/kg.  The 

groundwater within the Rand Stratum appears to become confined in the northeastern 

portion of Hartford though this was the only area in Hartford that was saturated. 

 

The North Olive Stratum blankets the majority of the northern portion of Hartford 

extending, from just north of Rand Avenue south to Date Street (Figure 2-6).  The North 

Olive Stratum continues along the Old St. Louis Road and North Olive Street corridors 

south of Date Street.  However, it is absent in the central portion of Hartford south of 
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Date Street.  The western extents have not been defined beyond Illinois State Route 3.  It 

appears to pinch-out slightly east of North Olive Street between Rand Avenue and East 

Cherry Street.  The eastern extents, between East Cherry and East Maple Streets, extend 

into the western portion of the Premcor facility.  As with the Rand, the North Olive 

Stratum is composed primarily of silt with lesser amounts of clay and trace sand.  The 

structural surface of the North Olive Stratum ranges from 9 to 19 feet bgs in the area of 

investigation.  The North Olive Stratum ranges up to approximately 10 feet thick; 

however, it generally ranges from approximately 2 to 4 feet thick (with the exception of 

the eastern edge of Hartford).  Here it ranges up to approximately 10 feet thick near 

North Olive Street between East Forest and East Watkins Street and remains up to 

approximately 6 feet thick as far north as East Cherry Street.  BETX concentrations of 

soil samples from the North Olive Stratum ranged from 101 to 105 µg/kg.  The 

groundwater within the North Olive Stratum appears to consist of isolated areas of 

perched water. 

 

The clay stratum, overlying the North Olive Stratum, ranges from approximately 8 to 

16 feet thick across Hartford.  The clay stratum thins to approximately 8 feet along North 

Olive Street and Old St. Louis Road.  The clay thickens to approximately 14 feet thick 

near West Cherry Street.  The clay above the North Olive Stratum contained BETX 

concentrations ranging from 10-1 to 105 µg/kg. 

 

The alluvial clay and silt, including the North Olive, Rand and EPA Strata, overlying the 

Main Sand ranges as thin as approximately 8 to 12 feet, in the southern end of northern 

Hartford in the vicinity of Forest Street.  It thickens in the northern portions of Hartford 

reaching approximately 37 to 45 feet. 
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2.4 GROUNDWATER FLOW MAPPING 

 

Groundwater gauging events have been conducted throughout 2004.  A review of the 

quarterly data is presented to provide a seasonal perspective of groundwater flow in 

Hartford.  This includes the January 2004 gauging (Clayton 2004f) and the April, July 

and October 2004 sentinel well monitoring events (Clayton 2004g, h, and in-progress).  

Also included is the recently completed November 2004 gauging event.  As new wells 

were installed during the summer of 2004 or certain wells were not accessible during 

some gauging events, the groundwater flow maps from the quarters prior to October were 

developed from a more limited data set.  For example, the North Olive Stratum did not 

contain any monitoring wells until this summer.  To date, the groundwater flow regime 

has not been defined south of Hawthorne Street in Hartford. 

 

Groundwater and separate phase LNAPL hydrocarbon-gauging data (if any) from 2004 is 

summarized in tables contained in Appendix A.  Appendix A also contains tables 

providing the results of the most recent gauging for the Shell wells and the wells on the 

Premcor facility.  The Shell and Premcor wells are primarily located northeast and east of 

Hartford, respectively. 

 

The well gauging events were conducted to determine groundwater depths and apparent 

separate phase LNAPL hydrocarbon thickness (if present) in order to determine 

groundwater flow directions and delineate the current horizontal extent of the mobile 

LNAPL.  Temporal variability (including precipitation and Mississippi River-stage 

height) will influence data gathered from gauging events.  Therefore, continued gauging 

needs to be conducted to evaluate these effects. 

 

New and existing Hartford wells, along with Premcor and Shell wells, were used to 

develop the groundwater flow maps of the Main Sand.  Shell and Hartford wells were 

used to develop the groundwater flow maps of the EPA and Rand Strata, while only 
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Hartford wells were used to create a North Olive Stratum groundwater elevation map.  As 

discussed in previous reports (Clayton 2004f), the Premcor and the Shell wells, originally 

surveyed to a different datum than the Hartford wells, have been adjusted to match the 

United States Geological Survey (USGS) datum used for the Hartford wells. 

 

The 2004 maps of the Main Sand show the groundwater flow direction is consistently 

northerly with varying easterly and westerly components (Figures 2-12 through 2-16).  

This overall northerly groundwater flow direction is consistent with historical 

interpretations.  Throughout 2004, the flow direction was noted to have a westerly 

component with the exception of July 2004, which revealed an easterly component.  The 

observed easterly component was apparent when the Mississippi River stage was at 

approximately 407 feet MSL with the westerly flow component present when the stage 

ranged from approximately 399 to 402 feet MSL.  The Mississippi River stage data is 

measured at the Mel Price Tailwater (TW) Alton, Illinois gauging station (US Army 

Corps of Engineers, 2004).  Average groundwater horizontal gradients observed in the 

quarterly and November 2004 observations of the Main Sand range from 0.0011 (January 

2004) to 0.0013 (July 2004).  Additional hydraulic gradient information is provided in 

Table 2-1.     

 

The 2004 maps of the EPA Stratum indicate the groundwater flow direction is highly 

variable (Figures 2-17 through 2-21).  The groundwater flow in January 2004 was 

identified as southwesterly towards Hartford.  A hinge line was identified in April, July 

and November 2004.  The hinge trended along a northwest/southeast axis in April and 

November and an east/west axis in July.  Groundwater to the south of the hinge was 

identified as flowing in a southwesterly direction towards Hartford while north of the 

hinge, the identified flow direction was north/northwest.  The identified flow direction in 

October 2004 was northwesterly with no indication of a hinge observed.  The Mississippi 

River did not appear to exert a significant influence on the observed groundwater flow in 

the EPA Stratum.  In part, the groundwater flow direction variability is believed to be due 
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to gauging limited, and occasionally, different well sets during the course of 2004.  In the 

future, well gauging is to be conducted at all of the identified wells in the EPA Stratum 

including those recently completed in 2004.  However, further evaluation over time is 

needed, as this is not believed to account for all of the observed variability.  This 

evaluation will include potential structural controls on groundwater flow.  In addition, 

transducers will be placed in select wells near the hinge for continuous water level 

recording.    

 

The maps of the Rand Stratum also indicate some variability in the groundwater flow 

direction (Figures 2-22 through 2-26).  The groundwater flow in January, April and July 

2004 was identified as generally northeasterly away from Hartford.  These maps also 

were limited to Shell wells north of Rand Avenue, as no Rand Stratum wells had been 

installed within Hartford until the summer of 2004.  The October 2004 map revealed a 

northwest/southeast trending mound near the intersection of North Olive Street and East 

Rand Avenue.  Groundwater to the south of the mound was identified as flowing towards 

Hartford while groundwater north of the mound flowed in a northeasterly direction away 

from Hartford.  The November 2004 map revealed a similar northwest/southeast hinge as 

in the EPA Stratum.  Groundwater to the south of the hinge was identified as flowing in a 

southwesterly direction.  However, north of the hinge, a slight groundwater depression 

was observed on the Shell Rand Avenue release area.  Again, the Mississippi River did 

not appear to exert a significant influence.  In the future, well gauging is to be conducted 

at all of the identified wells in the Rand Stratum.  As with the EPA Stratum, continued 

evaluation over time is needed to better understand groundwater flow in the Rand 

Stratum.  This will also include potential structural controls.  In addition, transducers will 

be placed in select wells near the hinge for continuous water level recording. 

 

No wells had been installed in the North Olive Stratum until the summer of 2004.  The 

October and November 2004 well gauging revealed only 11 and 15, respectively, of the 

34 monitoring points situated in this unit actually contained groundwater (Figures 2-27 
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and 2-28).  The points that contained water were generally scattered throughout Hartford.  

The review did not indicate the continuous presence of groundwater throughout the North 

Olive Stratum.  The measured groundwater in these wells is considered to represent 

localized areas of perched water that are potentially seasonal or more ephemeral.  

Therefore, only elevation maps were created for the North Olive Stratum that simply 

presents the groundwater elevation data.  

 

In general, the LNAPL plume in the Main Sand, gauged in October and November 2004, 

continues to show the extent of the plume is defined.  Small, apparently localized, areas 

of separate phase LNAPL hydrocarbon were found in both the EPA and Rand Strata, in 

October 2004, with one in each.  No separate phase LNAPL hydrocarbon was observed 

in the North Olive Stratum.  The gauged extent of the October and November 2004 

LNAPL hydrocarbon plume within the Main Sand in Hartford is presented in Figures 

2-29 and 2-30 with the interpreted October and November 2004 LNAPL hydrocarbon 

plume extents within the EPA and Rand Strata shown in Figures 2-31 through 2-34.
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3.0 PRIOR SUBSURFACE INVESTIGATION RESULTS 

 

In January and February 2004, Clayton (2004f) conducted a Cone Penetration Testing/ 

Rapid Optical Screening Tool (CPT/ROST) investigation in Hartford.  This investigation 

included 66 CPT/ROST borings continuously logged to termination depths ranging from 

approximately 31 to 76 feet bgs, with the majority being greater than 50 feet bgs.  The 

ROST Laser-Induced Fluorescence technology provides data on the in-situ distribution of 

petroleum hydrocarbons.  It presents a screening of the relative LNAPL hydrocarbon 

present in the soil matrix throughout the vadose, capillary fringe, and saturated zones.  

However, the ROST cannot identify dissolved phase hydrocarbons.  The ROST data was 

reviewed for this Plan. 

 

The review focused on determining the vertical extent of identified LNAPL, both residual 

and mobile, at the ROST borings.  As the Main Sand is the source of water for the 

Hartford municipal wells, the review concentrated on this stratum.  In general, the 

saturated zone of the Main Sand is at approximately 30 feet bgs.  Table 3-1 presents the 

ROST-response depths in the Main Sand within Hartford. 

 

The ROST data revealed that the greatest ROST-response depth in the Main Sand was 

identified at approximately 58 feet bgs (approximately 375 feet MSL) near the 

intersection of North Delmar Avenue and West Elm Street (HROST-36).  The average 

depth of the deepest identified ROST-response in the Main Sand was approximately 

43 feet bgs.  A review of the existing probes/wells surrounding the LNAPL plume reveal 

that the average screen depth ranges from approximately 28 to 41 feet bgs.  The sentinel 

wells are generally screened at depths ranging from approximately 24 to 39 feet bgs.  As 

the mobile LNAPL plume is at the surface of the saturated zone in the Main Sand, the 

sentinel wells, which span the saturated surface of the Main Sand, are positioned to detect 

potential impact from the LNAPL plume.  In light of the phenomena of dispersion, the 
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depths of the sentinel wells are considered sufficient to detect impact from non-mobile 

LNAPL below the surface of saturated zone in the Main Sand.
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4.0 SOIL VAPOR AND GROUNDWATER ANALYSIS RESULTS 

 

ENSR has completed a series of soil vapor sampling events as part of concurrent 

investigative activities in Hartford, (ENSR 2004a).  Clayton has conducted sampling and 

groundwater analyses of new monitoring wells, recently installed as part of the mobile 

LNAPL hydrocarbon plume delineation in Hartford (Clayton 2004c).  The sampling was 

only conducted at wells that did not contain LNAPL.      

 

4.1 AUGUST/SEPTEMBER 2004 SOIL VAPOR ANALYSIS RESULTS 

 

ENSR completed soil vapor sampling from vapor monitoring ports and monitoring 

probes during August and September 2004 to determine vapor concentrations 

(ENSR 2004a).  Clayton’s review was limited to only those vapor sampling locations 

beyond the extents of the mobile LNAPL hydrocarbon plume as any data from ports 

within the plume are assumed to be primarily impacted by the mobile LNAPL 

hydrocarbon rather than dissolved phase hydrocarbons.  Twenty of the locations were 

outside, and predominantly south of the mobile LNAPL plume  (Figure 4-1).  In this area, 

the Main Sand is the only saturated stratum. 

 

ENSR (2004a) subdivided the Main Sand into lower and upper zones dependent upon the 

depth of the vapor port.  Ports identified in the lower Main Sand were placed above the 

saturated zone while those identified in the upper Main Sand were located at shallower 

depths near the overlying silty clay stratum contact.  Several volatile organic compounds 

(VOC) constituents were identified in the samples, however, benzene and isopentane 

results are considered appropriate indicators for a discussion of LNAPL hydrocarbon 

impacted soil vapor.  

 

The benzene and isopentane concentrations in the lower Main Sand ranged from 0.76 to 

5,200 and 4 to 7.2 x 106 parts per billion per volume (ppbv), respectively (Figure 4-1).  
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The benzene and isopentane concentrations in the upper Main Sand ranged from <0.8 to 

1.9 x 106 and 3 to 62 x 106 ppbv, respectively (Figure 4-1).  The concentrations of both 

constituents within both the upper and lower Main Sand were highest between East 

Watkins and East Maple Streets, nearest the identified mobile LNAPL plume.  The 

concentrations decreased markedly south of East Maple Street.  Concentrations of both 

parameters were also substantially lower to the southwest and west of the mobile LNAPL 

plume.  ENSR has submitted a work plan to conduct additional soil vapor sampling to fill 

data gaps identified by the previous soil vapor surveys. 

 

4.2 OCTOBER/NOVEMBER 2004 GROUNDWATER ANALYSIS RESULTS 

 

Groundwater samples were collected by Clayton, using the low flow sampling technique, 

from the five sentinel monitoring wells (HMW-25 through HMW-29) discussed in 

Section 2.2 along with 21 new wells, also free of LNAPL, that were installed in summer 

2004.  The samples were collected in accordance with previously submitted Standard 

Operating Procedures (SOPs) (Clayton 2004d).  The samples were collected in late-

October 2004 with the only exception (HMW-52C) being sampled in early November 

2004, as it could not be accessed in October due to vapor control system upgrade 

activities.  In addition to the sentinel wells, 17 of the 21 new wells were in the Main Sand 

with two wells in both the EPA and Rand Strata.  Table 4-1 presents a list of the sampled 

wells.  Electronic copies of the chemical laboratory analytical reports were transmitted to 

the U.S. EPA and the Illinois Environmental Protection Agency (Illinois EPA), as they 

were received from the laboratory.  Paper copies of the laboratory analytical reports are 

maintained at Clayton’s office in Downers Grove, Illinois. 

 

The samples were analyzed for the “Skinner List” of hydrocarbons.  Specifically, the 

samples were analyzed for the following parameters: VOCs (including methyl tertiary 

butyl ether [MTBE] and ethylene dibromide [EDB]); 1,4-dioxane; semi-volatile organic 
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compounds (SVOCs) including polynuclear aromatic hydrocarbons; metals; and general 

chemistry parameters including cyanide. 

 

The “Skinner List” of parameters, the practical quantitation limits (PQLs), and the 

analytical methods are presented in Table 4-2.  The containers with applicable 

preservation requirements (if appropriate) for each parameter are presented in Table 4-3.  

The groundwater analytical results for October/November 2004 (not including the five 

sentinel wells) are presented in Table 4-4.  The groundwater analytical results for October 

2004 from the five sentinel wells are presented in Table 4-5.  The analytical results 

revealed a variety of constituents.  Figure 4-1 presents the results of the primary LNAPL 

indicator parameters, specifically, BETX, MTBE and SVOCs along with arsenic and 

lead. 

 

The Main Sand groundwater results revealed BETX concentrations that ranged from 

undetected (nine wells) to approximately to 12 milligrams/liter (mg/L) (HMW-38C).  Of 

the nine wells with no detectable BETX, five were the sentinel wells (HMW-25 through 

HMW-29) that are located south of, and between, the LNAPL plume and the Hartford 

municipal wells.  Three of the four remaining wells (MP-65C, MP-66C and MP-67C) 

with no detectable BETX were also south of, and between, the LNAPL plume and the 

Hartford municipal wells.  The remaining well (HMW-39C) is located west of the 

northern portion of the LNAPL plume.  Wells further south of the southern boundary of 

the LNAPL plume reveal decreasing BETX concentrations with increasing distance.  The 

sentinel wells, located furthest to the south of the LNAPL plume, show no evidence of 

BETX.  A decreasing SVOC concentration trend with increasing distance from the 

southern boundary of the LNAPL plume was also observed.  

 

The groundwater data set in both the Rand and EPA Strata is limited.  The EPA Stratum 

results revealed BETX concentrations that ranged from undetected (HMW-50B) to 

approximately 20 mg/L (HMW-49C).  The Rand Stratum results revealed no detectable 
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BETX concentrations in either well (HMW-39B and HMW-50A).  Currently, no wells in 

the North Olive Stratum have been sampled.     

 

MTBE was detected in only three of the wells sampled: HMW-49C (screened in the EPA 

Stratum), HMW-49D (screened in the Main Sand) and HMW-50C (screened in the Main 

Sand).  HMW-49C and D are located north of the LNAPL plume and HMW-50C is east 

of the LNAPL plume.  The MTBE concentrations decreased with increasing depth at 

HMW-49C and D with the highest level in the EPA Stratum (0.223 mg/L) while the 

underlying Main Sand was an order of magnitude lower (0.032J mg/L) in concentration.  

An estimated concentration of MTBE (0.0009J mg/L) was detected in HMW-50C.  

Monitoring for MTBE will be continued. 

 

Neither the arsenic nor the lead results appeared to be significant indicator parameters in 

relation to the LNAPL plume.  However, further evaluation will continue.   
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5.0 GROUNDWATER INVESTIGATION WORK SCOPE  

 

A determination of the status of the dissolved phase hydrocarbon plume is a prerequisite 

to enhancing the Conceptual Site Model (CSM) and designing an effective remedial 

approach.  As discussed by Clayton (2004d), following the completion of the 

LNAPL/Free-Phase Hydrocarbon (FPH) investigation, the process of conducting 

additional groundwater investigations to define the extent of dissolved phase petroleum 

hydrocarbons will be initiated.  This determination will include all identified groundwater 

bearing permeable strata.  The additional investigation will also address data gaps 

identified concerning groundwater flow patterns and the understanding of the geology 

and hydrogeology underlying the northern portion of Hartford.   

 

An immediate goal of the dissolved phase groundwater investigation is to identify areas 

where vapor intrusion from dissolved phase constituents could potentially impact 

residential homes.  An additional immediate goal is the delineation of the dissolved phase 

plume in the direction of the municipal water supply wells. 

 

The recent soil vapor and groundwater analytical data, presented in Section 4.0, was 

reviewed with a wider perspective dictated by the fact that the soil vapor data points do 

not always coincide with the groundwater data locations.  However, given the degree of 

correspondence between the physical area encompassed by both the soil vapor and the 

groundwater data, it is clear that simple qualitative trend correlations can be made 

between the analytical results from the two mediums.  Specifically, the soil vapor and 

groundwater data show that concentrations of indicator parameters generally increase and 

decrease in tandem.  As noted in the East Watkins Street vicinity, which appears to be the 

southernmost extent of the LNAPL plume, the BETX concentrations in the groundwater 

and the benzene and isopentane levels in the soil vapor are both higher relative to the 

furthest southern reaches of the dissolved phase hydrocarbon plume (Figure 4-1).   
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It is noted that in areas beyond the dissolved phase plume there are locations where there 

is no detectable BETX in the groundwater but benzene and isopentane are detected in the 

soil vapor.  For example, the October 2004 sentinel well results, along with the three 

previous quarters of sentinel well data, did not reveal any detectable BETX 

concentrations.  However, soil vapor results from vapor monitoring ports near the 

sentinel wells generally revealed detectable levels of both benzene and isopentane in the 

100 to 102 ppbv range (Figure 4-1).  Based on the absence of any detectable BETX in the 

groundwater and the northerly groundwater flow direction, the detected benzene and 

isopentane in the soil vapor do not appear to be associated with the groundwater.  These 

soil vapor concentrations are believed to be the result of diffusion through the unsaturated 

zone whether from the LNAPL plume or from another potential source such as the former 

service station leaking underground storage tank site (LUST) at the northeast corner of 

the intersection of East Hawthorne Street and North Delmar Avenue (Clayton 2004i).  As 

noted above, ENSR has submitted a work plan for conducting additional soil vapor 

sampling.  Some of their locations include the area between the sentinel wells and the 

municipal supply wells. 

 

To the north and west of the LNAPL plume, little groundwater or other data exists.  

However, there are also no residential receptors in these areas.  The area available to 

further dissolved-phase hydrocarbon investigation is relatively limited in size because 

much of this area is controlled by others and governed by other regulatory programs 

administered by the Illinois EPA.   Results of investigations of adjacent areas, overseen 

by the Illinois EPA, will be incorporated into the development of the conceptual site 

model. 

 

The following sections describe the approach and techniques that will be employed to 

conduct this investigation. 
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5.1 DIRECT PUSH MULTI-LEVEL GROUNDWATER INVESTIGATION   

 

The groundwater investigation will consist of direct push borings at select locations and 

is primarily based on the findings presented above in Section 4.0.  The planned 

investigation area is primarily south (vicinity of Hawthorne Street corridor), west 

(vicinity of Old St. Louis and Alton Road corridor), and northwest of the existing mobile 

LNAPL plume underlying Hartford.  The proposed locations are presented in Figure 5-1.  

Locations may be adjusted based on the result of the additional soil vapor survey being 

conducted by ENSR.  Additionally, actual boring locations will be determined based on 

accessibility, clearances for utilities, and other field conditions. 

 

A series of 32 direct push multi-level groundwater sample locations are currently 

identified to determine the magnitude and extent of the dissolved phase hydrocarbons in 

Hartford.  Included are 16 locations, which are expected to indicate the presence of 

dissolved phase hydrocarbons as they are within the currently identified dissolved phase 

plume.  These locations are primarily intended to provide vertical definition of the 

magnitude and extent of the dissolved phase plume near the LNAPL plume.  These 

locations are also intended to enhance the understanding of shallow Main Sand 

groundwater conditions within the dissolved phase plume in areas where analytical data 

has not been previously obtained.  An additional 16 locations are intended to provide the 

magnitude and extent of the dissolved phase hydrocarbons in areas where dissolved phase 

hydrocarbons have not been delineated.  Additionally, seven locations are proposed as 

potential step-out sampling points dependent upon the findings of the other investigation 

locations.  

 

The discrete vertical sampling of any location is dependent upon the findings of the 

subsurface investigation.  Specifically, if the identified more permeable units (e.g., the 

North Olive, the Rand, and the EPA Strata and the Main Sand) are encountered and 

determined to be saturated, but free of mobile LNAPL, at any location, then samples are 
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to be obtained to identify potential dissolved phase hydrocarbons within each strata.  In 

addition, discrete vertical sampling will continue within the Main Sand to determine 

whether dissolved phase hydrocarbons are present at depth within this stratum.  The 

initial sampling depth within the Main Sand will be at the surface of the saturated zone, 

which is estimated at approximately 30 feet bgs.  Deeper Main Sand sampling intervals 

are proposed at approximately 50 feet and 70 feet bgs.  However, the Main Sand 

sampling depths will be guided by the findings of the investigation.  Specifically, if 

distinctly more permeable or coarser zones are identified in the Main Sand, the 

groundwater sampling will be skewed to these depths.  However, this will be balanced by 

the need to obtain sufficient vertically distinct samples to identify whether dissolved 

phase hydrocarbons may be transported at depths below the Main Sand LNAPL plume.   

 

As the primary intent of the investigation is the collection of vertically discrete 

groundwater samples, subsurface investigation activities are anticipated to be conducted 

using a CPT rig.  Clayton (2004f) used this technique to effectively collect groundwater 

samples during an investigation in the first part of 2004.  In light of the ability to obtain 

ROST data simultaneously with CPT data, as discussed in Section 3.0, Clayton proposes 

to also collect ROST data at the proposed groundwater sampling locations.  The ROST 

technology would be applied over the entire vertical extent of the boring.  All borings 

will be continuously sampled or analyzed to determine the soil stratigraphy using an 

electronically instrumented probe, which measures tip resistance, friction ratio, and pore 

pressure.  Soil stratigraphy will be classified using Campanella and Robertson’s 

Simplified Soil Behavior Chart (Robertson and Campanella 1983).  Additional sampling 

details are provided in SOP 120 (Clayton 2004d).  This SOP may be modified based on 

field conditions. 

 

The CPT rig is anticipated to be used to collect groundwater samples using a discrete 

sample direct-push method.  Groundwater sampling is expected to be conducted using a 

standard groundwater sampler consisting of an approximately 1.5-foot stainless steel 
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screen with a retractable sheath that is attached to the rods and advanced to the desired 

depth.  Groundwater will be collected with an appropriate sampling device lowered 

inside the sampler.  

 

Decontamination activities will be conducted adjacent to the boring location, and no soil 

cuttings will be produced due to the nature of the proposed method.  The boring locations 

will be abandoned by sealing with bentonite grout or bentonite upon completion.  

 

The groundwater samples will be analyzed for the dissolved phase hydrocarbon indicator 

parameters of BETX.  The samples will be analyzed using USEPA Method 8260.  Given 

the need for potential step out locations, some samples will be analyzed on an expedited 

turnaround time to enable rapid field decisions.  At the potential step-out locations 

identified in Figure 5-1, the criteria used to decide if the step-out location is required will 

be based on Illinois Class I Groundwater Quality Standards.  If any of the BETX 

compounds exceeds its respective Class I Groundwater Quality Standard at a planned 

direct push groundwater sample location, then the identified step-out location on 

Figure 5-1 will be completed.  

 

The CPT/ROST results and the groundwater analytical results will be evaluated and 

additional monitoring wells and potentially additional vapor monitoring ports will be 

recommended, as appropriate. 

 

5.2 MONITORING WELL GROUNDWATER SAMPLING 

 

Quarterly groundwater sampling of the sentinel wells has been ongoing for the past year.  

In the fall of 2004, selected additional monitoring wells (installed as part of the separate 

phase LNAPL hydrocarbon investigation) were included with the sentinel well sampling.  

Quarterly groundwater sampling from existing monitoring wells without LNAPL will 

continue to enhance the understanding of dissolved phase hydrocarbon impacted 
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groundwater.  This will include sampling wells screened not only in the Main Sand but 

also the EPA Strata, the Rand Strata and, if groundwater is present in sufficient quantity, 

the North Olive Strata.  The proposed wells to be sampled are listed in Table 5-1.  The 

wells, which will include the sentinel wells, are shown in Figure 5-2.  

 

As with past groundwater sampling events, samples are intended to be collected using the 

low-flow sampling technique.  However, this technique may not be possible at shallow 

locations with slow recharge to the well (i.e. wells screened in the EPA, Rand, and North 

Olive Strata).  If the low flow technique cannot be used in these locations, then the 

peristaltic pump and/or bailer method will be used as appropriate. 

 

In some instances, there may be a well within the Main Sand separate phase LNAPL 

plume; however, it may not show evidence of LNAPL.  Despite the absence of LNAPL, 

the well will not be sampled if it is within the LNAPL plume.  In those cases, it is clear 

the groundwater will be significantly impacted and the results will not serve to delineate 

the dissolved phase hydrocarbon plume.  Wells screened in the North Olive, Rand, and 

EPA Stratum that do not show evidence of LNAPL will be sampled no matter where they 

are located provided there is a sufficient quantity of water to sample. 

 

The samples will be analyzed for the “Skinner List” of hydrocarbon parameters using the 

PQLs and analytical methods presented in Table 4-2.  Specifically, the samples will be 

analyzed for the following parameters: volatile organic compounds (VOCs) (including 

methyl tertiary butyl ether [MTBE] and ethylene dibromide [EDB]); 1,4-dioxane; semi-

volatile organic compounds (SVOCs) including polynuclear aromatic hydrocarbons; 

metals; and general chemistry parameters including cyanide. 

 

Additional groundwater gauging, monitoring, sampling, and decontamination details are 

provided in SOPs 220, 415 and 500 (Clayton 2004d).  These SOPs may be modified 

based on field conditions. 
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5.3 PIEZOMETER INSTALLATION NEAR HARTFORD MUNICIPAL 
SUPPLY WELLS 

 

The HWG also proposes to install a series of piezometers near the municipal supply wells 

to enhance the understanding of the groundwater flow regime within the central portion 

of Hartford.  These piezometers are intended to assist in determining the influence 

municipal well pumping has on groundwater flow.  Nine locations have been proposed 

for piezometer installation.  Based on Clayton’s (2004d) work to date, unconfined (water 

table) conditions are anticipated in this area.  However, to enhance the understanding of 

the geology in this area, the initial subsurface investigation activities, prior to well 

installation, are anticipated to be conducted using a cone-penetration testing (CPT) rig. 

 

The piezometers, which will subsequently be installed using a conventional hollow-stem 

auger drill rig, will generally straddle the identified water table at the time of installation.  

Selected piezometer locations closest to the municipal wells will be nested to enable 

evaluation of vertical gradients in addition to horizontal gradients.  The piezometers 

nearest the active municipal wells will be installed at radial distances of approximately 

50, 200, 500 feet from the area of the wells.  Additional piezometers will be placed as 

shown in Figure 5-3, which presents the approximate proposed piezometer locations.  

All new piezometers are intended to be 2-inch ID PVC wells constructed with 0.010-inch 

screen.  As these piezometers are intended to evaluate groundwater elevation conditions 

that may vary significantly over the course of the year, the screen length of the shallow 

piezometers will be approximately fifteen feet.  Available information indicates the water 

table may fluctuate up to 10 feet or more in some locations over the course of a year.     

As the deeper piezometers are intended to provide vertical gradient data, the screen 

lengths will be approximately two feet to minimize the influence of vertical groundwater 

gradients within the piezometer. 

 

Each new piezometer will be surveyed by an Illinois-licensed surveyor for horizontal 

control referenced to Illinois State Plane West Zone NAD 83 (feet) and vertical control 
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referenced to mean sea level (feet), within Hartford (Madison County) Illinois.  The 

survey is anticipated to be conducted by CMT.  This survey will provide a unified 

horizontal and vertical control database of existing piezometers/wells within Hartford. 

 

Groundwater depths will be measured on a monthly basis (along with the other monthly 

gauging) in the new piezometers in order to determine horizontal hydraulic gradient and 

flow directions of groundwater.   

 

Additional monitoring well installation and development details are provided in SOPs 

210 and 212 (Clayton 2004d).  These SOPs may be modified based on field conditions. 
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6.0 SCHEDULE 

 

There are three main activities associated with the groundwater investigation: 1) using the 

direct push method to collect groundwater samples to identify the dissolved phase plume; 

2) collecting groundwater samples from existing monitoring wells that do not contain 

mobile LNAPL; and 3) installation of piezometers in the area of the municipal water 

supply wells. 

 

The dissolved phase groundwater investigation will be scheduled upon approval by the 

Agencies (U.S. Environmental Protection Agency and Illinois Environmental Protection 

Agency).  This investigation will require obtaining access to areas controlled by others 

(i.e., areas north of Rand Avenue and railroad right-of-way) and areas where companies 

have been reluctant to clear utilities (i.e., Rand Avenue corridor).  Therefore, field 

activities in these areas will not be able to proceed until these access issues are resolved.  

Work to resolve these issues will proceed while the Agencies are reviewing this work 

plan. 

 

Given that the piezometers to be installed in the area of the Hartford municipal water 

supply wells will be installed in Village of Hartford public rights-of-way (access 

agreement already in place) this work will most likely proceed first.  It is expected that 

the field portion of the piezometers installation can begin within three (3) weeks of 

receiving approval from the Agencies.  The actual start date of the work will be 

dependent on weather conditions.  Installation of the piezometers should be completed 

within approximately four (4) weeks.  After installation, the piezometers will be surveyed 

for horizontal and vertical control, developed and then be included as part of the monthly 

monitoring well gauging.  The actual length of time to complete the work will be 

dependent on weather conditions.  A figure showing actual locations of the piezometers 

along with soil boring logs and piezometer construction reports will be provided within 

six weeks of completing installation.    
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The direct-push groundwater sampling activities will begin after the access and utility 

clearance issues have been resolved.  Once this work begins, it is expected that the direct 

push groundwater sampling activities can be completed within six (6) to eight (8) weeks.  

The actual length of time to complete this work will not only be dependent on weather 

conditions but also the number of step-out direct push groundwater sampling locations 

that need to be completed.  The results of the direct push groundwater sampling will be 

used for locating additional monitoring wells, and potentially additional vapor monitoring 

ports, as appropriate.  The results and proposed locations will be provided within six 

weeks of receiving the final groundwater analytical results. 
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